. Comparison of staining methods with standard protein mixtures. SDS-PAGE gels (10%-20% gradient) were stained by (A) the method of Weber and Osborn; (B) boiled 10 min in water, washed in water 10 min, then stained in 1.5 mg% CBB-G (in I mM HCI) for 16 h; (C) fixed for 4 h in 50% ethanol and 2% phosphoric acid, washed for I h in water (3 changes) and stained in 1.5 mg% CBB-G (in I mM HCI) for 16 h. Lane I, protein standard mixture (Dalton Mark VIII-L ; Sigma Chem ical, St. Louis, MO, USA) 7.5 ug total protein; lanes 2 and 3, lO-kDa protein ladder from mass of 10000 to 120000 (PrL from Life Technologies, Gaithersburg, MD, USA); lanes 4 and 5, broad range SDS-Marker protein standard mixture (New England Biolabs, Beverly, MA, USA) 0.4 to 0.8 ug each protein; lane 6, calf thymus histone extract (Calbiochem-Novabiochem, San Diego, CA, USA) I0~g total extract. The proteins in the mixtures are identified as bovine serum albumin (BA); egg albumin (EA); glyceraldehyde-3-phosphate dehydrogenase (GP); carbonic anhydrase (CA); trypsinogen (TR); soybean trypsin inhibitor (ST); a-lactalbumin (LA); myosin (MO) ; fusion protein of maltose-binding protein~-galactosidase (MG);~-galactosidase (GA); phosphorylase b (PB); glutamic dehydrogenase (GD); maltose binding protein (MB); lactate dehyrogenase M (LD); triosephosphate isomerase (TI); lysozyme (LY); aprotinin (AP); and insulin (IN).
We observed that dilute aqueous solutions of CBB-G would stain proteins in the gels without background. The most important requirement for staining protein with low background is to remove detergent and buffer components from the gel. We found that it is not necessary to use high concentrations of solvents or acids to accomplish this. The goal of this study was to optimize a sensitive staining procedure that avoided the use of solvents or high concentrations of acids, yet was still sensitive and reliable.
Sodium dodecyl sulfate (SDS) slab gels (1.5 mm thick, 14 x 16 ern) were run at 12°C (100-110 V for 1800 Vh) using the buffer systems of Lammeli (6) as modified by Fling and Gregerson (5) . The gels were scanned and analyzed with a computerized image analysis system (Visage 110; Biolmage, Ann Arbor, MI, USA). The gels were stained using the method of Weber and Osborn (11) by rocking the gel for 4 h in 0.25% CBB-R in 45% methanol and 9.2% acetic acid. The gels were destained in 7.5% acetic acid and 5% methanol overnight with repeated changes.
Before staining, the gel must be cleared of detergents and buffer components for efficient staining to take place. We have found that an effective method was to wash the gel in a dilute acid solution . The final pH should be close to 3. In our initial studies, we 'boiled the gel in water for 10 min followed by the dilute acid washes. Comparing gels in which the boiling step Polyacrylamide gel electrophoresis (PAGE) is one of the most useful methods for the analysis of protein mixtures. Detection of proteins after electrophoresis is most commonly done by staining with organic dyes or silver. Silver staining is very sensitive but requires very pure reagents, many steps and dangerous chemicals. The organic dye Coomassie Brilliant Blue R® (CBB-R) was first used to stain proteins on cellulose acetate membranes (4). CBB-R (0.25%) in 50% methanol and 5% acetic acid was used to stain proteins after PAGE, and acetic acid was used for electrophoretic destaining (7). Weber and Osborn (11) stained gels using 0.25% CBB-R in 45% methanol and 9.2% acetic acid, and used 7.5% acetic acid and 5% methanol for destaining the gels. This method and slight variations are commonly used to stain gels with CBB-R. One-step procedures for staining proteins after PAGE have been described in which low concentrations of CBB-R (0.4-1.6 mg%) were dissolved in 10% ethanol and 5% acetic acid (12) , or CBB-R (3 mg%) in 45% methanol and 10% acetic acid (1), without the necessity for destaining.
CBB-R, with its relatively low solubility in strong acid solution (12.5% trichloroacetic acid), has been used to stain proteins in gels. It produced little background because the colloidal form of the dye does not enter the gel (2). CBB-G, another form of the dye with an even lower solubility in strong acid solution, has been used to stain proteins and it resulted in little background (3). Neuhoff et al. (9) did a systematic study of the protein staining of CBB-G in a colloidal form. Neuhoff et al. (8) developed a staining procedure using the colloidal properties of the CBB dyes with the addition of 20% methanol. The addition of methanol was necessary to achieve uniform staining across the thickness of the gel.
Environmentally Benign Staining Procedure for Electrophoresis Gels Using Coomassie Brilliant Blue
Benchmarks was omitted, we could see no significant difference in staining intensity. The large volumes used in the washing steps were necessary to efficiently remove and dilute the buffer and detergent. The washing steps effectively removed the interfering substances and resulted in more rapid protein staining and consistent results.
The recommended gel staining procedure is as follows:
Step 1. Gels are rinsed, then rocked in 1 L of dilute HCl (5 roM ) for 2 h. Replace the solution midway through the washing procedure. The final pH should be close to 3.
Step 2. Stain gels by rocking in a dilute solution of Coom assie Brilliant Blue G-250 (1.5 mg%). Prepare the solution by adding 15 mL of a stock CBB-G solution (1 mg/mL in watershake solution before removing) slowly with stirring to 1 L of 1 mM HCI. We stain two 1.5-mm-thick gels in 1 L. Smaller gels can be stained in smaller volumes. Bands begin to appear in about 1 h. For maximal staining and quantitation, stain overnight (16 h).
Step 3. Rock gels several hours in 500 mL of 1 roM HCl containing several Kimwipes 'P to absorb unbound dye. Store gels in plastic bags. Figure 1 shows the results of staining standard protein mixture s. Various proteins, from myosin (mass 212000) to insulin chains (masses 3400 and 2340 ), were efficientl y stained ( Figure  IB ). We were initiall y concerned with the possible loss of "acid soluble" proteins such as histones from the gels during the staining procedure. Figure  IB shows that the histones were effectively stained using this procedure, in comparison to the traditional staining method of Weber and Osborn (11) (Figure lA) and in comparison to "fixation" techniques such as using ethanolphosphoric acid prior to staining Protein (mi crograms) We examined different concentrations of CBB-G on the staining of three proteins, rabbit muscle phosphorylase b, bovine serum albumin and soybean trypsin inhibitor. Low concentrations of dye in aqueous solutions effectively stain these proteins, indicating the high affinity of the dye for proteins ( Figure  2 ). Faint bands, especially in the histone preparation, were visually detected more intensely by dye concentrations at 1-1.5 mg% and above. Dye concentrations above 1.5 mg% did not result in increased sensitivity and required longer washing to remove the unbound dye in the gels (background). A dye concentration of 1-1.5 mg% was decided as optimal for sensitivity and low background. The optimal dye concentration should be confirmed because each lot of dye can vary in purity and concentration. Intense bands became visible in approximately 1 h after being placed in the dye solution. Gels were routinely stained overnight (16 h) to ensure complete staining. Staining for prolonged periods (three days) did not result in increased sensitivity or increased backgrounds.
The sensitivity of the recommended staining procedure is very similar to the solvent-based method of Weber and Osborn (11) as shown in Figure 1 , A and B. Using the recommended proce dure and this format for gels, bovine serum albumin, phosphorylase band soybean trypsin inhibitor could be detected by image analysis at levels of approximately 50, 70 and 200 ng, respectively. Bovine serum albumin stains intensely and bands ofless than 10 ng could be visually detected. Figure 3 shows the integrated optical density of these three proteins vs. different protein loadings on the gel. The integrated optical density as a function of protein loading was linear for bovine serum al- The recommended staining procedure is an effective method for the de-. tection of proteins in polyacrylamide gels. The integrated optical density of the staining procedure was linear with protein loading. The lack of a destaining step makes the procedure suitable for quantitation. The gels can be silverstained after CBB-G if additional sensitivity is required. The staining procedure uses no solvents, and the low concentration of acid is easily neutralized before disposal.
